Abstract. Deep-inelastic collisions of a 208 Pb beam on a 208 Pb target were performed using the ATLAS accelerator at Argonne National Laboratory. The Gammasphere detector array was used for the detection of prompt and delayed gamma-rays of the reaction products. 207 Tl is one proton away from the 208 Pb doubly-magic nucleus. Its low-energy level structure is dominated by the single proton-hole states πs Bi, which has a relatively well established level scheme compared to 207 Tl. Cross-coincidences between these two nuclei were used to confirm or establish levels above the 11/2 − isomeric state in 207 Tl. These states are obtained via breaking of the neutron core. Angular correlation analysis was performed on known transitions in 208 Pb, proving the applicability of this method for multipolarity assignment.
Abstract. Deep-inelastic collisions of a 208 Pb beam on a 208 Pb target were performed using the ATLAS accelerator at Argonne National Laboratory. The Gammasphere detector array was used for the detection of prompt and delayed gamma-rays of the reaction products. 207 Tl is one proton away from the 208 Pb doubly-magic nucleus. Its low-energy level structure is dominated by the single proton-hole states πs − state is isomeric with T 1/2 = 1.33 (11) s. The reaction partner of 207 Tl is 209 Bi, which has a relatively well established level scheme compared to 207 Tl. Cross-coincidences between these two nuclei were used to confirm or establish levels above the 11/2 − isomeric state in 207 Tl. These states are obtained via breaking of the neutron core. Angular correlation analysis was performed on known transitions in 208 Pb, proving the applicability of this method for multipolarity assignment.
Introduction
The nuclei in the area to the 'south-east' of doubly-magic 208 Pb have comparatively little known about their spectroscopic properties [1] [2] [3] [4] . The study of this area, enclosed by Z≤82 and N≥126, is useful for improving current theoretical models, and may also have an impact on understanding the production of heavy elements in the r-process. An experiment was performed where several of these nuclei were populated via deep-inelastic collisions.
Here we concentrate on the structure of 207 Tl. 207 Tl is a one proton-hole nucleus, with a lowenergy level structure dominated by the single proton-hole states πs 
Experimental Methods
The experiment was performed at Argonne National Laboratory using the ATLAS accelerator, wherein a beam of 208 Pb impinged a thick target of 208 Pb. The 208 Pb beam had an energy 20% above the Coulomb barrier (1446 MeV), and the target thickness was 75 mg/cm 2 . Deep-inelastic collision was the dominant reaction. The highly excited reaction products emitted γ-rays, which were detected by the Gammasphere array. More details can be found in reference [8] . All products were stopped within the target, so Doppler correction is not needed. The beam pulsing was such that a sub-nanosecond beam pulse occurred once every 82.5 ns, of which four out of five were deflected, leading to a beam-off period of 412 ns. Preliminary analysis showed no evidence of isomeric states in this time window in 207 Tl, therefore all results presented here are from analysis of the prompt data.
Deep-Inelastic Collisions
In deep-inelastic collisions, nucleons are exchanged between the nuclei of the beam and the target such that the resulting target-like nucleus has a number of greater or fewer nucleons, and vice versa for the beam-like reaction partner nucleus. This leads to cross-coincidences in reaction partners, such that transitions from one nucleus are in coincidence with those from the other [9] . For instance, the nucleus of interest in this paper, 207 Tl, has one less proton than 208 Pb, while its reaction partner, 209 Bi, has one more proton than 208 Pb. Neutron evaporation may also occur, consequently a nucleus may have more than one reaction partner. Deep-inelastic collisions populate yrast and near-yrast states preferentially.
Angular Correlations
The use of γ-ray angular correlations to assign spins and multipolarities is well documented, see, for example, references [10] [11] [12] . The angular correlation of two γ-rays is described by the following equation:
where θ is the angle between the two detected γ-rays, and P 2 and P 4 are Legendre polynomials. The A kk coefficients can be caluclated using the tables in reference [13] .
Results
Cross coincidences between 207 Tl and 209 Bi were used to identify transitions in 207 Tl by gating on the well-known transitions in the reaction partner. A spectrum gated on known transitions in 209 Bi, 246 keV and 500 keV, is shown in Figure 1 . The known transitions in 207 Tl [5, 6] , such as the 2465 keV E3 transition, as well as several transitions identified for the first time in this experiment, are visible in the spectrum. The transition energies and intensities are listed in reference [8] . The majority of these transitions originate from excited states produced via core excitations. The multipolarities of these transitions will be determined from angular correlations. The technique was tested on well-known and high-intensity γ-rays in 208 Pb. The original orientation of the nuclei as produced in the reaction was neglected, and it was assumed that intermediate transitions do not have a significant effect on the angular correlation. Preliminary results are shown for two cases in Figure 2 . These results show that the 1413 keV transition has E3 character, while the 583 keV transition is E2 in nature. This confirms the previously established multipolarities [14] , and also that the two assumptions listed above are valid.
Conclusion
Several transitions in the single-proton hole nucleus 207 Tl have been identified, allowing the level scheme to be extended to higher spins and energies. Coincidence relationships and intensity balances are being considered in building the level scheme. Angular correlations analysis, and comparisons with shell model calculations, will aid spin-parity assignments. 
